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The seasonal variations of nitrogen and phosphorus release and its fluxes from the

sediments of the Beili Lake in the Hangzhou West Lake
LIU Jingjing, DONG Chunying,SONG Yingqi,SUN Peide *

School of Envionmental Science and Engineering , Zhejiang Gongshang University , Hangzhou 310012 , China

Abstract; Eutrophication is one of the most widespread environmental problems of inland waters, either because external
loading has not been reduced sufficiently or because internal lake mechanisms. High internal loading of nitrogen (N) and
phosphorus (P) from lake sediments is frequently reported as an important mechanism delaying lake recovery after a
reduction of external loading. In this paper, the seasonal changes of ammonia nitrogen and phosphorus releasing rate from
sediment were evaluated using intact sediment core simulation methods in the Beili Lake of the Hangzhou West Lake.
Besides, vertical distribution characteristics of ammonia nitrogen and phosphors in the pore water were analyzed. The results
showed that the concentration of ammonia nitrogen was expressed as the increasing trend with depth, while an increasing
trend followed by decreasing was found for phosphorus. The difference in ammonia nitrogen and phosphorus concentration
between pore water and overlying water can cause inner nitrogen and phosphorus nutrients releasing. The seasonal releasing
rates from sediments were 0.074 mg-m>d™", 0.340 mg-m™-d™", 0.087 mg-m>d™", 0.0004 mg-m~>-d™" for ammonia
nitrogen, and 0. 340 mg-m~-d™", 0.518 mg-m™>-d™", 0.094 mg-m>-d", —0.037 mg-m~>-d”" for phosphorus,

respectively. Seasonal and spatial variations of releasing rate were found from this study. The ammonia nitrogen and

BEWE FHR 7 RIS Qe 536 A T % T(20092X07106-002) s #1484 A AR LG HTH (Y5110314)
WaE B8R :2012-04-18;  fEITHH§:2012-09-26
* MIRVEH Corresponding author. E-mail; pdsun@ 126. com

http ://www. ecologica. cn



24 1 XIS A TN PU I L LW CRR ) Ut P U A R 1 2 1 A e e e e A B 7933

phosphorus releasing rate was higher in summer than in spring and autumn, but lowest in winter. The release fluxes of
nitrogen and phosphorus across the sediment-water interface in different points were estimated using results from intact
sediment core simulation methods. This difference is mainly focus on nitrogen and phosphorus releasing from the sediments
in different environmental conditions including temperature, pH, dissolved oxygen ( DO) and transparency. In summer, the
temperature was the highest, the activity of bacterium was stronger than in other seasons. At the same time, the DO value
decreased. The transparency was the lowest in summer, indicating the disturbance strength was the highest than other
seasons. The results demonstrated the internal loading were 0. 0004 t, 0.0025 t, 0.0008 t, O t for ammonia nitrogen, and
0.0015 t, 0.0038 t, 0.0009 t, —0. 0005 t for phosphorus, respectively. The conclusions indicated that the internal loading
of N and P in the whole lake were estimated about 0. 0037 and 0. 0057 t/a, respectively. Therefore, nutrients from
sediment made a contribution to lake eutrophication. The phosphorus was the limiting factor to the lake entrophication in
Beili Lake, and the releasing of phosphorus was related to the forms. The active phosphorus including the dissolved
phosphorus, Fe-bound P and Al-bound P, can release from sediment to overlying water easily. The proportion of active P
was accounted 5.3% of TP in spring, and then decreased to 3.72% in summer. After that, the active P increased to 6.
16% and 6.73% in autumn and winter. The seasonal variation characteristics of active P were consitent with those of the
phosphorus releasing. However, the simulation method used in this study didn’t analyze the effect of environmental factors
such as waves’ disturbance and turbulence on nitrogen and phosphorus releasing rate, the results from simulation may be
lower than the dynamic simulation value. Afterwards, the results from this study are important for the eutrophication control

and ecological restoration in Beli Lake.

Key Words: sediments ;nitrogen ; phosphorus ;internal release ;release fluxes ; Beili Lake
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Fig.1 Location of sampling sites in Beili Lake
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Fig.2 Vertical changes of ammonia nitrogen in the overlying water and pore water in Beili Lake
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Fig.3 Seasonal variation of ammonia nitrogen releasing rate in

Table 1 Seasonal variations of water quality in overlying water of Beili Lake

%2 Spring HZ Summer 2 Autumn &-Z% Winter
pH 7.89+0.04 7.64+0.03 7.83+0.02 8.1420.02
7K Temperature/°C 22.30+0.17 33.40£0.22 20.40+0.21 10.40£0.22
¥4, Dissolved oxygen/ (mg/L) 6.82+0.05 5.0120.07 6.35+0.05 7.25+0.04
BB Transparency/m 0.96+0.05 0.42+0.04 0.76+0.03 1.20+0.04
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Fig.4 Vertical changes of dissolved phosphorus in the overlying water and pore water in Beili Lake
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Table 2 Seasonal variations of phosphorus in the surface sediments of Beili Lake

%7 Spring H ZF Summer #ZE Autumn 47F Winter
TP/ ( mg/kg) 570. 68+68.29 543.42+115.27 588.83+56.74 611.04+70.56
DP/(mg/kg) 9.73x1.11 6.66x1.36 11.37+0.76 13.40+1.01
Al-P/ (mg/kg) 9.91+1.93 5.74£1.29 12.10+1.50 12.47+1.92
Fe-P/(mg/kg) 10.61+1.98 7.85+1.02 12.79+1.62 15.25+2.12

2.3 NIRREHON KA S B TR Tk

FIHAR(2) X2 TURY AR SR T, 45 R 36 3. d6 BLA A& =15 ARSIl 43512 0. 0004
0.0025.0.0008 .0 t,3&ARRIN N H i, B BFFIRZ LB RARMRFE , 3% 5 R R HGHR A  fRUAE R AR —
I, BEROEE /5904 0.0015 0. 0038 ,0. 0009 . —0. 0005 t, HARE SR 2 A9 Z= W M AR AR AR IA] . I DORR
Wy R TS LA N RS G 4ERFTE 0. 0037 t/a, TURRWIBEIE WUAT5 442 0. 0057 va, dbHLII PN IR R mT 1 - 7
KB FRERAEFEAE — R R K-, BRI RS V8 18 5 1 PR Y55 e 3 LA e B8 3, s Xof P IR k5 e R 2
17 = B3 o VR H T R RS T BRI /K AR & 75 3R Ak s A B 5 T, R S 3R 2 U R ) B T B LT IR 1 [ e
o BB R Y AL B B ki ks g, A6 AR (%) SE KA AR K ORI RS T i AL B R AR
EFEFET AR & 43 I 28 8 T J A% i B AR EC R R 22 SR U8 7 A T R ] K] ahb by B RSt A X F Ay 9%
P Tl S A e B IR TR

JFAERE A AL AR FT ARSI pH 8 AE YRS S AL R s (B BE R XUR 3 25
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VA ERIN B PRI A SR L ) RO R AR T b L B RO S I A B R G I e Rl i
17T B, G2 1,02 mgem ™ d™", WL AL, ARG BTt 3 W SR A0 2l 8 3 1T LA A
PR S R P PR IR R AR, LA IR LU AU S v b LI G L 0 DA LR ) A 2, 32
HINFEREMEAR XL/, 5 eV ) AL T80 D™ F, B O L PG W B DL 8 (R B v . BRI S LAl Y 45
AT LA, G I LA BB OE R B A —E S M E,

®3 IWRHERTEMNILERARRY—KREEABREEE/t

Table 3 The amount of ammonia nitrogen and phosphorus release of Beili Lake on the basis of the experiental results

R A5 Sampling sites

1 2 3 4 NS5 Average
£ s N 0. 0002 0. 0005 0. 0004 0. 0004 0. 0004
pring P 0. 0002 0. 0008 0.0023 0.0029 0.0015
g3 N 0.0035 0.0015 0. 0009 0. 0040 0.0025
pummer P 0.0073 0.0021 0. 0050 0. 0008 0.0038
— N 0.0025 0.0006 0. 0001 0 0. 0008
i p 0. 0007 0.0006 0.0008 0.0014 0.0009
N 0 0 0 0 0

P

5 Winter P 0. 0008 0. 0009 -0.0015 -0.0018 ~0. 0005
3 it

3.1 JCHEAERTE HE ERAEN TR 25504 0. 074 0. 34 0. 087 mg-m™d™" J% 0. 0004
mg-m >d™, FRHGEREA FRME RS K ERRZ, AT RARRHE,

3.2 ALHEBERRENE R P RGE R EM N 0.340 mg-m > d™ , EZEH0.518 mg-m-d™' FkZEH 0. 094
mg-m d™ &R -0.037 mg-m > d7, BERHCEAEA FRIUNEE RS RN, X 5 OB s v
d7 TP & it A 43 L 2 AR A RRIE 2 A — 201 .

3.3 JLHEMISAERBEE N 0. 0037 BB 0.0057 1, 3@ a5 LALE P9 I B3 ST AR HL , ER S
AR, (E L BLBI N IR R BN SR —E S B ME . DU B R RT R AE N T AR KR
B TTRR A FREE 72 AP UEAS 245 1 A0 [RTEE I 6 YR U5 YL TR 2
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